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Background: Overuse of antimicrobials is a challenging global issue that contributes to antimicrobial resistance.
Despite widespread awareness of the problem among members of the medical community and various at-
tempts to improve prescription practices, existing antimicrobial stewardship programmes are not always effect-
ive. In our view, this may reflect limited understanding of factors that influence prescription of antimicrobials as
empirical therapy, implying a need to address the psychological mechanisms behind some of the specific beha-
viours involved.

Objectives: To identify factors that influence the antimicrobials prescription as empirical therapy, and to relate
these factors to findings from behavioural science.

Methods: We conducted a scoping review of the literature on the factors underlying antimicrobial prescription
decisions, following the protocol designed using PRISMA guidelines.

Results and conclusions: From a final sample of 90 sources, we identified ten factors important in antimicrobial
prescription decisions. In the second stage of our analysis, we grouped them into five final categories: (1) nature
of the decision, (2) social influences, (3) individual differences, (4) characteristics of the patient, (5) context. We
analyse these categories using a behavioural science perspective.

Introduction

Overuse of antimicrobials is an increasingly challenging global is-
sue.! We use the term ‘overuse’ to refer to the use of antibiotics
not supported by evidence or existing guidelines, which contri-
butes to the development of drug-resistant pathogens. Taking
antimicrobials when they are not absolutely necessary and not
following the prescription regimen contributes to antimicrobial
resistance, which leads to higher medical costs, prolonged hos-
pital stays and increased mortality.? Antimicrobial resistance is
now a leading cause of death worldwide.> One way that we
might slow down bacterial resistance is changing attitudes and
behaviour related to the use of antimicrobials.

To address overuse of antimicrobials, antimicrobial steward-
ship programmes have been introduced.*® While such pro-
grammes help to improve prescription practices and lead to
more prudent use of antimicrobials, as well as higher general
awareness of the problem among medical students® and

practising physicians,'®** the problem of overuse persists. For in-
stance, across Europe, antimicrobial prescriptions were inappro-
priate or inconclusive in one-third of cases of febrile children
admitted to emergency departments.’? Meanwhile, in the USA,
while physicians regard antimicrobial overuse as a national
health crisis, they severely underestimate the prevalence of the
problem in their own facility.*®

In order to improve existing approaches and devise new solu-
tions for tackling the problem of overuse, it is important to under-
stand what causes it. A large body of literature provides evidence
that medical decisions are susceptible to biases and errors in
diagnosis and treatment.**"*® Physicians are vulnerable to
many classic biases commonly discussed in behavioural econom-
ics and social psychological literature, including the representa-
tiveness and availability heuristics,’” confirmation bias,'®~2° risk
and uncertainty avoidance.?*%*

These phenomena likely apply in the context of antimicrobial
prescribing as well. Indeed, antimicrobial prescription decisions
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have been previously linked to cognitive and motivational
biases.?>2* There is, however, scope for a more comprehensive
review of existing literature and an in-depth analysis of the pos-
sible mechanisms involved.

Although studies have asked which factors might be import-
antin prescription decisions, little work has sought to systematize
the results and offer a more complete behavioural analysis. For
example, Teixeira Rodrigues and colleagues,?® based on a sys-
tematic review of qualitative research on the topic, proposed a
categorization of factors important in prescription behaviours.
This framework gives a good initial overview of what might be
at play in antimicrobial prescription decisions but does not take
account of quantitative evidence and stops short of identifying
mechanisms that would explain how and why certain factors
translate in prescription decisions. Our belief is that the answers
to these questions are crucial for a more in-depth understanding
of antimicrobial overuse, giving us a better chance to improve
prescription practices and slow down antimicrobial resistance.

In response to this gap in the literature, this article seeks to
identify factors central to antimicrobial prescription decisions
and to analyse them from a behavioural science perspective. To
achieve this aim, we conducted a scoping review of the literature
on factors influencing decisions to prescribe antimicrobials as
empirical therapy. That is, we focused on the influences on pre-
scription decisions made under uncertainty, where prescribers
lack precise information, such as the result of a microbial investi-
gation that indicates a specific bacterium or fungus causing the
infection, and where no clear guideline for how this infection
should be treated exists. Such influences include both clinical fac-
tors (e.g. severity and duration of symptoms) and non-clinical
factors (characteristics of the prescriber or the environment in
which the prescription takes place). We did not include studies
that focused solely on the results of microbial investigation as a
factor in prescription decisions. Based on the results of this re-
view, we developed a framework that includes five categories
of influences on prescription decisions: (i) nature of the decision;
(ii) social influences; (iii) individual differences; (iv) characteristics
of the patient; and (v) context. We analyse each category from a
behavioural science perspective. It is our hope that the results of
this more in-depth analysis can inform the design of new effect-
ive solutions for improving prescription practices.

Methods

We developed our review protocol following PRISMA guidelines for scop-
ing reviews.?® One researcher (the first author) drafted the protocol that
was further discussed and revised by the whole team of authors. The full
document with the research protocol, as well as the final list of sources
included in the review, can be accessed at https://osf.io/eg2ck/files/
osfstorage/63ebcb66b3fed60527e34290.

When developing our search strategy, inclusion and exclusion cri-
teria, we aimed to achieve as comprehensive an overview of the factors
contributing to antimicrobial prescriptions as possible. Thus, we did not
limit our search to any particular geographical location, time period,
healthcare setting, medical profession of the prescriber or symptom-
atology. We assumed that antimicrobial prescription decisions,
although affected by contextual factors that may vary between health-
care settings and geographical locations, have a substantial degree of
universality across different settings. We list the inclusion and exclusion
criteria below.

Inclusion criteria

We considered study design, outcomes and the fact that the study was fo-
cused on the predictors of prescription decisions in determining our inclu-
sion criteria. We included qualitative and quantitative studies. The
outcome of interest was prescribing antimicrobials for empirical treatment,
in the absence of an accurate microbiological diagnosis. As predictors, we
sought articles that focused on factors other than microbial investigation,
that influence prescription decisions. As we aimed for as comprehensive an
overview of such factors as possible, we chose to follow an inductive ap-
proach and did not list specific characteristics as keywords, so as not to lim-
it our search for relevant factors. We included all articles that discussed
factors that influence decisions to prescribe antimicrobials.

Exclusion criteria

Not all articles found were selected for the analysis. First, we excluded ar-
ticles if the focus was not human medicine (e.g. veterinary or farming).
Second, articles were not included if the main focus was on patients’ at-
titudes and behaviours, and they did not incorporate the prescriber’s per-
spective. Third, articles were left out if they reported research conducted
on specific patient populations that are at a higher risk of infection—peri-
operative, oncology and immunocompromised patients—as these
groups are often recommended to be prescribed antibiotics by default.
Fourth, we did not include articles that reported studies focused solely
on the results of microbial investigation as a predictor of prescription be-
haviours. Finally, we did not include systematic reviews and randomized
control trials (RCTs) that tested solutions aimed at improving prescription
behaviours. Systematic reviews summarize individual studies, which we
incorporate in the review and analysis anyway. As for RCTs, although in-
terventions evaluated as part of RCTs are often designed to influence fac-
tors that relate to prescription behaviours, they typically cover multiple
such factors at once, making it impossible to differentiate between the
effects of different factors or measure their individual contribution to
decision-making and behaviour.

The search

The search was conducted using MEDLINE (utilizing PubMed and PubMed
Central search engines), ScienceDirect and APA PsycInfo. MEDLINE was
chosen as one of the most comprehensive and frequently used databases
for research on medical topics. ScienceDirect was chosen as one of the
world’s leading sources for scientific, technical and medical research.
APA PsycInfo was selected as the most trusted database for psychologic-
al research, as we were interested in human decision-making and beha-
viours and factors and mechanisms explaining them. The search and
selection of the sources for the review were conducted by one reviewer
(the first author).

We used the following script: (antibiotic prescribing [Title] OR antimicro-
bial prescribing [Title] OR decision to prescribe antibiotics [Title] OR decision
to prescribe antimicrobials [Title]) AND (factors[Title/Abstract] OR
determinants([Title/Abstract] OR drivers[Title/Abstract] OR correlates[Title/
Abstract] OR predictors [Title/Abstract] OR antecedents [Title/Abstract]).

Analytical approach

The selection of the final sample of sources was conducted in two steps.
First, we screened the titles and abstracts of the sources and eliminated a
large proportion of them based on our exclusion criteria. Second, we
eliminated an additional portion of sources after reading the full texts
of the articles. The screening was done by the first author.

Our analytical approach was inductive; we planned to derive the
framework of factors influencing prescription decisions from the data.
This meant that we did not have any preconceived notions of what the
codes—the main themes—used to document and classify the sources
should be. To develop the codes, we selected 10 (approximately 10% of
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the sample) articles that would further allow us to document and classify
the factors influencing antimicrobial prescriptions on the full sample of
sources. To ensure that the codes were exhaustive, we selected articles
reporting on studies with different methodologies [two experimental,
two qualitative and six correlational, set in different settings (inpatient,
emergency department, outpatient, long-term care facility), different pa-
tient populations (adults, children) and different geographical locations
(Europe, USA, Asia). The distribution reflects the distribution of the articles
reporting on experimental, qualitative and correlational studies in the full
sample of final sources. Based on the analysis of the selected 10 sources,
we identified 10 factors important to antimicrobial prescription decisions.
The remainder of the material was coded using these factors. The coding
was performed by one researcher (the first author).

In the final stage of the analysis, after a thorough discussion between
three researchers (the first, second and last authors), followed by over-
sight and agreement by the third and fourth researchers, it was decided
to group the 10 factors into five final categories based on the similarities
between the factors and underlying psychological themes.

Results
Source characteristics

Our search identified 337 sources; 285 sources were found using
PubMed, one using PubMed Central, and 51 using ScienceDirect.
The final sample of sources included 90 articles. Figure 1 maps
out the number of records identified and excluded at different
stages of the search and analysis process.

The large majority—68 articles (75% of the total pool)—re-
ported on quantitative studies that used correlational designs.
Research carried out in North America featured in 36 articles

337 records identified through a
databases search

(40%), followed by the studies conducted in European and Asian
countries. Most sources (70 articles, which is more than 75%) pre-
sented research conducted in outpatient primary care settings.
Half of all studies featured prescriptions for respiratory infections,
although in a large proportion of the articles no focus on specific
symptomatology or condition was made. While 16 sources re-
ported on research featuring prescriptions for paediatric patients,
most were not limited to a specific patient group. Table 1 presents
a summary, with the main characteristics of the sources identified.

Factors in antimicrobial prescription decisions

Based on the analysis of the selected articles, we identified 10
factors important in  antimicrobial prescription decisions
(Table 2). These factors informed our framework of influences
on prescription decisions. The framework consists of five categor-
ies: (i) nature of the decision; (ii) social influences; (iii) individual
differences; (iv) characteristics of the patient; and (v) context.
Figure 2 shows how the 10 factors form the five categories of in-
fluences. In the next section, we analyse these categories from a
behavioural science perspective.

Behavioural analysis of the factors underlying
prescription decisions

Nature of the decision

Lack of time and heavy workload

In clinical settings, decisions often need to be made under time
pressure. Prescribers deal with many patients at the same time

337 records screened for relevance

210 records excluded based on the

(based on title and abstract)

A 4

outlined exclusion criteria

127 records screened (based on the
full text of the article)

37 records excluded based on the
outlined exclusion criteria

90 final articles mcluded in the
review

Figure 1. Number of identified and excluded sources.
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and are under pressure to come up with an accurate diagnosis
and appropriate treatment plan quickly. Many articles included
in our review feature time scarcity as an important factor in pre-
SCI’]ptiOﬂ deCiSionS.z7_30’56’57’77_79’95'108_111

Lack of time might contribute to a scarcity mindset,'*’~1% in
which reduced mental bandwidth makes an individual more in-
vested in immediate outcomes, without enough cognitive re-
sources for thinking about other, less pressing, problems that
might arise in the future. In the context of antimicrobial prescrip-
tions, the immediate outcome is making the patient feel better as
quickly as possible, while antimicrobial resistance is a more dis-
tant problem in the future that is not at the centre of the prescri-
ber’s attention. In addition, scarcity and depleted cognitive
resources likely make one more susceptible to other decision-
making biases.*?°

Uncertainty, risks and benefits of prescribing

Our analysis showed that risk?®31:325880103  qnq yncer-

tainty?3°9:81,82,104-106 gre gqmong the leading predictors of over-
use. Prescribers deal with multiple risks as part of their job, which
might place the need for security—one of the most basic psycho-
logical needs—high on the list of their priorities. Exposure to mul-
tiple potential threats is an unavoidable part of the job, and, if a
mistake is made, the stakes can be high. In an attempt to insure
against threats (e.g. the development of a serious infection, pa-
tients’ complaints etc.), prescribers might prescribe an antimicro-
bial, viewing it as a more secure option. In line with this, the
literature that we analysed suggests that when prescribing anti-
microbials, prescribers are driven by the motivation to minimize
negative feelings, such as anxiety related to missing an infec-
tion,'9+1% on the one hand, and maximize anticipated benefits
of prescribing®%193:10>:108.112 g the other.

Lack of control, uncertainty and other negative emotions ex-
perienced by prescribers can lead to commission bias.'?!
Inaction symbolizes lack of control and power over a situation;
committing an action is a way to gain control and cope with
powerlessness.

Social influences

Our review showed that interaction and relationships with collea-
gues**%Y and expectations of patients?®2°737:58:59.77.79-90 gra jm-
portant contributors to prescription decisions, suggesting that
social interactions are important aspects to consider when dis-
cussing the problem of antimicrobial overuse. Humans are social
animals, and maintaining positive social relationships is vital to
their wellbeing.'?? Thus, they strive to form and maintain these
relationships and to be accepted as members of social groups im-
portant to them. Motivation to maintain good relationships and
be accepted by members of significant social groups is associated
with higher conformity with the views and beliefs shared by the
members of this group.*?* Driven by this motivation, prescribers
might not be willing to express disagreement with a senior col-
league or deny prescriptions to patients requesting them.

Individual differences

Individual differences are characteristics that vary from pre-
scriber to prescriber, such as specialty and experience, age or

Table 1. Summary of the sources included in the review

Quantitative Qualitative

Methodology

Experiment 2 NA

Survey/correlational 68 NA

Interview NA 13

Focus group NA 10

Total 70 21
Setting

Outpatient—primary care 56 12

Outpatient—specialty care 4

Outpatient—emergency care 15 3

Inpatient care 4 5

Long-term care facilities 1 2
Condition

Respiratory infections 36 10

Common cold 4

Urinary tract infections 2

Acute otitis media

Not specific to any condition 31 11
Patient population

Children 13 4

Adults 4

Elderly 2 2

Non-specific 51 15
Region

EU 13 4

North America 35 6

UK 4 4

Asia 12 5

Australia 2 2

Middle East 2

Africa 1

Some studies included more than one research design, were conducted in
more than one setting and focused on more than one condition. NA, not
applicable.

confidence in their clinical skills. Our review showed that older
prescribers,? 29393840 physicians*! compared with nurse practi-
tioners and physician’s assistants, international gradu-
ates,??4042€0 yrban-practising physicians,!**  self-dispensing
physicians or those with a pharmacist on site,'** prescribers indif-
ferent to changes*? and, in the case of prescriptions to children,
non-paediatricians** are more likely to prescribe antimicrobials
compared with comparator groups. Furthermore, good clinical
knowledge and clinical competency lead to lower rates of anti-
microbial prescribing.?”:83190.118.119 Internal medicine physicians
are more likely to prescribe broad-spectrum antibiotics.*” Finally,
prescribers with high levels of uncertainty avoidance prescribe
antibiotics more often,'*? while those who believe in shared
decision-making“® and have high confidence in their ability to ap-
ply the prescription guidelines®®>* prescribe less.

Considering these factors is important, not only because they
can directly influence decisions of prescribers, but also because
they might moderate the strength of bias associated with univer-
sal motives that we discussed previously. For instance,

4of 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod



Systematic review

JAR

Table 2. Factors playing a role in prescription decisions

Number of sources

Factor featuring the factor Sources Final category

Characteristics of the doctor: general level of experience 29 27-55 Individual differences
(years practising medicine), speciality, knowledge and
perceived competence.

Social and demographic characteristics of the patient, such 27 32,37,42,44,47,49,54-76 Characteristics of the patient
as age, socioeconomic status, ethnicity.

Attitudes of the patients, pressure from patients or parents/ 26 28,35-37,46,48,51,55,58,59,77-9¢4 Social influences
guardians of patients.

Stable contextual factors (type of hospital, existing 24 34,45,47,48,53-55,63,69,70,72,73,77, Context
guidelines, the area in which the hospital is). 79-81,91,95-102

Diagnostic uncertainty: inability to run tests, difficult case; 21 28,31-33,55,58,59,72,78,80, Nature of the decision
risk. 81,83,91,94,103-107

Lack of time and heavy workload. 14 27-30,56,57,77-79,81,95,108-111 Nature of the decision

Benefits of prescribing versus potential negative 5 37,83,103,107,112 Nature of the decision
consequences of not prescribing.

Experience with the specific symptomatology, treatment of A 50.71,113,114 Individual differences
specific conditions in the past.

Transient contextual factors (time of the day or week when 3 50,115,116 Context
the prescription is made).

Seniority dynamics. 2 34,60 Social influences

Lack of time and heavy
workload

Diagnostic uncertainty:
inability to run tests,
difficult case; risk

Seniority dynamics

Benefits of prescribing
vs. potential negative
consequences of not

prescribing

Attitudes of the patients,
pressure from patients or
parents/guardians of
patients

Experience with the
specific
symptomatology,
treatment of specific
conditions in the past

Characteristics of the
doctor: general level of
experience (years
practising medicine),
speciality, knowledge
and perceived
competence

(type of hospital, existing

Stable contextual factors

guidelines, the area in
which the hospital is)

Social and demographic
charactenistics of the
patient, such as age,

socioeconomic status,
ethnicity

Transient contextual
factors (time of the day
or week when the
prescription is made)

e

U

S

L

-

Characteristics of the

Nature of the decision Social influences Individual differences patient Context
,/’/
“1\_\ \\_\ o A e -
-\\\ \ ,/ ‘/)/,
**¥ interactions between factors ¥**
\\ )/’
= F
S5 P

Antimicrobial prescriptions

Figure 2. Five categories of influences on antimicrobial prescription decisions.
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dispositional uncertainty avoidance might make one more prone
to experiencing negative emotions in ambiguous situations,
while high self-efficacy and confidence in one’s clinical skills
might help to resist social pressure.

Characteristics of the patient

The review confirms that characteristics of patients matter when
it comes to prescription decisions. Antimicrobials are more often
prescribed to males,*?®1% patients with a chronic complex con-
dition®® and comorbidities,”®** patients with a history of smok-
ing,%>%® patients who report a longer duration of symptoms or
worsening symptoms,®? and older patients,°®®” including in
paediatric contexts.** Additionally, there are substantial ethnic
and racial differences among patients receiving antibiotic pre-
scription, with non-whites®>°®% and patients with indigenous
backgrounds®® being prescribed antibiotics more frequently.
Finally, socioeconomic background and the level of deprivation
of the patient matter for prescriptions too—patients with lower
socioeconomic status are more likely to receive a
prescription.’%/1108

Itis likely that these factors lead to higher prescriptions as pre-
scribers associate them with an increased risk of more serious in-
fection and/or complications. For example, prescribers may know
that non-white ethnicity and economic disadvantage are asso-
ciated with living in overcrowded accommodation that increases
one’s chances to become infected. Such heuristics can be useful
as they help to reduce the amount of thinking and the time doc-
tors spend with patients; however, overreliance on them can lead
to unnecessary prescriptions.

Context

Stable contextual characteristics

The reviewed literature shows significant variation in antibiotic
prescription rates by location, economic deprivation of the area
and type of practice. Rural’?’**'? and more deprived?®°”:11?
areas have higher levels of prescriptions. In Italy, more antimicro-
bial prescriptions are made in the southern regions,”>?® which
can be explained by economic deprivation of the area too. In
the USA, more prescriptions are made in the South and
Northeast,*”®® and in areas with a high density of providers
and clinics, potentially due to competition.?® Additionally, single-
handed®’ and non-training®’'°° practices, as well as practices
with limited resources,**’%’® have higher prescription rates. On
the other hand, having consistent patterns of prescribing within
the practice, supportive practice policies, and enough resources
such as consultation time, contribute to more prudent antimicro-
bial use.?’

Transient contextual characteristics

Some sources indicate that prescription decisions depend not
only on where a prescriber works (i.e. in which country/hospital),
but also when they make decisions. Timing is important to con-
sider as prescribers’ levels of stress and busyness depend on
the time of the day or week, with potential implications for
decision-making. For example, prescriptions on Fridays are signifi-
cantly more frequent compared with other working days.**> Time
of the year is also important,*>'® as prescribers might

experience heavier workload during times when viral infections
peak, leading to time scarcity and higher cognitive load. As an
illustration, Gana and colleagues discuss how medical decision-
making might be susceptible to biases in the context of the
current COVID-19 pandemic.*?*

Discussion

Antimicrobial resistance is a serious problem, but existing solu-
tions designed to tackle the overuse of antimicrobials—one of
the main drivers of resistance—have limited impact. To under-
stand how they can be improved, it is important to know why
overuse occurs in the first place. We observed that existing ana-
lyses of the factors in antimicrobial prescription rarely focus on
the behavioural mechanisms that might explain how and why
certain factors translate in specific decisions and behaviours.

To address this gap, we conducted a scoping review of the re-
search on factors of antimicrobial prescription decisions when
such decisions are made in the absence of evidence of bacterial
infections. Based on the results, we propose a framework that al-
lows for a behavioural analysis of factors central to prescription
decisions. The antecedents of antibiotic prescription decisions
can be classified into five categories of influences: (i) nature of
the decision; (ii) social influences; (iii) individual differences; (iv)
characteristics of the patient; and (v) context.

Our review and analysis above confirm the complexity of deci-
sions to prescribe antimicrobials as empirical therapy, highlight-
ing the variety of factors that influence the decision-making of
prescribers. When it comes to targeting these factors via anti-
microbial stewardship programmes, we believe there is no
one-size-fits-all solution. Antimicrobial stewardship programmes
exist in many clinical practices but not all practices are equally ef-
fective and antimicrobial resistance continues to rise. According
to current predictions, 10 million people will die in 2050 as a result
of antimicrobial-resistant infections.?> Some successful stew-
ardship interventions may tackle some of the factors we have de-
scribed in this review. For example, one stewardship programme
found beneficial results in one clinical team by leveraging team-
work and social influences.'*® Finding ways to expand on and
scale local interventions such as these may help to improve stew-
ardship programmes worldwide. This may be helped by adopting
amore tailored approach involving a variety of different solutions.
This review aims to initiate that process by identifying the main
factors that could be targeted to help tailor solutions. While the
discussion of specific solutions is beyond the scope of this article,
our review uses existing evidence to identify factors influencing
prescribing behaviour that successful programmes may need to
consider. In doing so, we highlight them as topics for future re-
search and for the attention of policy and practice within this
domain.

Our review has limitations. First, there is an element of sub-
jectivity as the literature search and coding was done by one per-
son, which is not typical of a systematic review. However, our
approach still satisfied the requirements for a scoping review,*?’
and we believe this subjectivity is not critical as our goal was not
to make definitive conclusions about the prevalence and relative
importance of different factors underlying prescription decisions,
but rather to provide a broad initial overview of all possible influ-
ences and explain how they actualize in prescription decisions.

6 of 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod



Systematic review

JAR

Second, we included qualitative studies that do not assess the
statistical significance or size of effects, making it difficult to con-
clude whether a given factor is animportant predictor of prescrip-
tion decisions. However, in our case, all factors featuring in
qualitative studies were also identified in articles presenting
quantitative research. The advantage of incorporating qualitative
studies in the review and further analysis is that they pay atten-
tion to mechanisms that might explain how certain factors ac-
tualize in specific behaviours. Third, the majority of our sources
focused on antimicrobial prescriptions in outpatient settings.
While we believe that the factors identified and mechanisms dis-
cussed are universal and applicable across different settings, pre-
scriptions in inpatient settings may be influenced by additional
factors that are specific to this particular context. This should
be investigated in future research. Finally, we did not use ‘anti-
bacterials’ as a keyword in our search. With hindsight, this omis-
sion might have inadvertently limited the results of our search, to
the extent that relevant articles exist that use this term and
might not be discoverable through searching using the terms
‘antimicrobials’ and ‘antibiotics’.

Despite the limitations, we believe that the proposed frame-
work could be useful for underpinning the design of interventions.
We offer this analysis as an additional contribution to the re-
search on psychological influences on medical decision-
making 1?8129 and as a new perspective on the problem of anti-
microbial resistance and an opportunity to tackle this problem
using a different—behavioural science—approach. In recent
years, behavioural science has been increasingly applied in differ-
ent areas of policy and practice and has shown much poten-
tial.’*®  Given that physicians’ decisions to prescribe
antimicrobials constitute an important cause of antimicrobial re-
sistance and that, as our analysis shows, these decisions are sus-
ceptible to a range of biases known to behavioural scientists, we
believe that behavioural science can be an important tool to use
when tackling antimicrobial resistance.

Funding
Children’s Health Ireland seed funding.

Transparency declarations
Nothing to declare.

References

1 Zaman SB, Hussain MA, Nye R et al. A review on antibiotic resistance:
alarm bells are ringing. Cureus 2017; 9: e1403. https://doi.org/10.7759/
cureus.1403

2 Ventola CL. The antibiotic resistance crisis: Part 1: causes and threats. P
T 2015; 40: 277-83.

3 Murray CJ, Tkuta KS, Sharara F et al. Global burden of bacterial anti-
microbial resistance in 2019: a systematic analysis. Lancet 2022; 399:
729-55. https://doi.org/10.1016/S0140-6736(21)02724-0/ATTACHMENT/
29526A6B-96B7-4673-99F3-A624169C1B92/MMC1.PDF

4 Doron S, Davidson LE. Antimicrobial stewardship. Mayo Clin Proc 2011;
86: 1113-23. https://doi.org/10.4065/mcp.2011.0358

5 Dyar OJ, Huttner B, Schouten J et al. What is antimicrobial stewardship?
Clin Microbiol Infect 2017; 23: 793-8. https://doi.org/10.1016/j.cmi.2017.
08.026

6 Dyar OJ, Beovi¢ B, Vlahovi¢-Pal¢evski V et al. How can we improve anti-
biotic prescribing in primary care? Expert Rev Anti Infect Ther 2016; 14:
403-13. https://doi.org/10.1586/14787210.2016.1151353

7 MacDougall C, Polk RE. Antimicrobial stewardship programs in health
care systems. Clin Microbiol Rev 2005; 18: 638-56. https:/doi.org/10.
1128/CMR.18.4.638-656.2005

8 Owens RC. Antimicrobial stewardship: concepts and strategies in the
21st century. Diagn Microbiol Infect Dis 2008; 61: 110-28. https:/doi.
0rg/10.1016/j.diagmicrobio.2008.02.012

9 Dyar O, Hills H, Seitz L-T et al. Assessing the knowledge, attitudes and
behaviors of human and animal health students towards antibiotic use
and resistance: a pilot cross-sectional study in the UK. Antibiotics 2018;
7: 10. https://doi.org/10.3390/antibiotics7010010

10 Wester CW, DurairajL, Evans AT et al. Antibiotic resistance: a survey of
physician perceptions. Arch Intern Med 2002; 162: 2210-6. https://doi.org/
10.1001/archinte.162.19.2210

11 Alothman A, Algwizani A, Alsulaiman M et al. Knowledge and attitude
of physicians toward prescribing antibiotics and the risk of resistance in
two reference hospitals. Infect Dis (Auckl) 2016; 9: 33-8. https://doi.org/
10.4137/IDRT.S40047

12 Hagedoorn NN, Borensztajn DM, Nijman R et al. Variation in antibiotic
prescription rates in febrile children presenting to emergency depart-
ments across Europe (MOFICHE): a multicentre observational study.
PLoS Med 2020; 17: e1003208. https://doi.org/10.1371/journal.pmed.
1003208

13 Harris A, Chandramohan S, Awali RA et al. Physicians’ attitude and
knowledge regarding antibiotic use and resistance in ambulatory set-
tings. Am J Infect Control 2019; 47: 864-8. https://doi.org/10.1016/j.gjic.
2019.02.009

14 Bornstein BH, Emler AC. Rationality in medical decision making: a re-
view of the literature on doctors’ decision-making biases. J Eval Clin Pract
2001; 7: 97-107. https://doi.org/10.1046/}.1365-2753.2001.00284.x

15 Dawson NV, Arkes HR. Systematic errors in medical decision making:
judgment limitations. J Gen Intern Med 1987; 2: 183-7. https://doi.org/10.
1007/BF02596149

16 Whelehan DF, Conlon KC, Ridgway PF. Medicine and heuristics: cogni-
tive biases and medical decision-making. Ir JMed Sci 2020; 189: 1477-84.
https:/doi.org/10.1007/s11845-020-02235-1

17 Richie M, Josephson SA. Quantifying heuristic bias: anchoring, avail-
ability, and representativeness. Teach Learn Med 2018; 30: 67-75.
https://doi.org/10.1080/10401334.2017.1332631

18 Bytzer P. Information bias in endoscopic assessment. Am J
Gastroenterol 2007; 102: 1585-7. https://doi.org/10.1111/j.1572-0241.
2006.00911.x

19 Mercuri M, Sherbino J, Sedran RJ et al. When guidelines don’t guide:
the effect of patient context on management decisions based on clinical
practice guidelines. Acad Med 2015; 90: 191-6. https://doi.org/10.1097/
ACM.0000000000000542

20 Elston DM. Confirmation bias in medical decision-making. J Am Acad
Dermatol 2020; 82: 572. https://doi.org/10.1016/j.jaad.2019.06.1286

21 Baldwin RL, Green JW, Shaw JL et al. Physician risk attitudes and hos-
pitalization of infants with bronchiolitis. Acad Emerg Med 2005; 12: 142-6.
https://doi.org/10.1197/j.0em.2004.10.002

22 Strout TD, Hillen M, Gutheil C et al. Tolerance of uncertainty: a system-
atic review of health and healthcare-related outcomes. Patient Educ
Couns 2018; 101: 1518-37. https://doi.org/10.1016/j.pec.2018.03.030
23 Langford BJ, Daneman N, Leung V et al. Cognitive bias: how under-
standing its impact on antibiotic prescribing decisions can help advance

7 0f 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod


https://doi.org/10.7759/cureus.1403
https://doi.org/10.7759/cureus.1403
https://doi.org/10.1016/S0140-6736(21)02724-0/ATTACHMENT/29526A6B-96B7-4673-99F3-A624169C1B92/MMC1.PDF
https://doi.org/10.1016/S0140-6736(21)02724-0/ATTACHMENT/29526A6B-96B7-4673-99F3-A624169C1B92/MMC1.PDF
https://doi.org/10.4065/mcp.2011.0358
https://doi.org/10.1016/j.cmi.2017.08.026
https://doi.org/10.1016/j.cmi.2017.08.026
https://doi.org/10.1586/14787210.2016.1151353
https://doi.org/10.1128/CMR.18.4.638-656.2005
https://doi.org/10.1128/CMR.18.4.638-656.2005
https://doi.org/10.1016/j.diagmicrobio.2008.02.012
https://doi.org/10.1016/j.diagmicrobio.2008.02.012
https://doi.org/10.3390/antibiotics7010010
https://doi.org/10.1001/archinte.162.19.2210
https://doi.org/10.1001/archinte.162.19.2210
https://doi.org/10.4137/IDRT.S40047
https://doi.org/10.4137/IDRT.S40047
https://doi.org/10.1371/journal.pmed.1003208
https://doi.org/10.1371/journal.pmed.1003208
https://doi.org/10.1016/j.ajic.2019.02.009
https://doi.org/10.1016/j.ajic.2019.02.009
https://doi.org/10.1046/j.1365-2753.2001.00284.x
https://doi.org/10.1007/BF02596149
https://doi.org/10.1007/BF02596149
https://doi.org/10.1007/s11845-020-02235-1
https://doi.org/10.1080/10401334.2017.1332631
https://doi.org/10.1111/j.1572-0241.2006.00911.x
https://doi.org/10.1111/j.1572-0241.2006.00911.x
https://doi.org/10.1097/ACM.0000000000000542
https://doi.org/10.1097/ACM.0000000000000542
https://doi.org/10.1016/j.jaad.2019.06.1286
https://doi.org/10.1197/j.aem.2004.10.002
https://doi.org/10.1016/j.pec.2018.03.030

Systematic review

antimicrobial stewardship. JAC-Antimicrobial Resist 2020; 2: dlaa107 .
https://doi.org/10.1093/jacamr/dlaa107

24 Peiffer-Smadja N, Lescure FX, Maatoug R et al. Re: ‘Determinants of in-
hospital antibiotic prescription behaviour’ by Lambregts et al. Clin
Microbiol Infect 2019; 25: 635-7. https://doi.org/10.1016/j.cmi.2018.12.
010

25 Teixeira Rodrigues A, Roque F, Falcdo A et al. Understanding physician
antibiotic prescribing behaviour: a systematic review of qualitative stud-
ies. Int J Antimicrob Agents 2013; 41: 203-12. https://doi.org/10.1016/J.
[JANTIMICAG.2012.09.003

26 Tricco AG, Lillie E, Zarin W et al. PRISMA extension for scoping reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med 2018; 169:
467-73. https://doi.org/10.7326/M18-0850

27 Arnold SR, To T, McIsaac WJ et al. Antibiotic prescribing for upper re-
spiratory tract infection: the importance of diagnostic uncertainty. J
Pediatr 2005; 146: 222-6. https://doi.org/10.1016/J.JPEDS.2004.09.020

28 Stefan MS, Spitzer KA, Zulfigar S et al. Uncertainty as a critical deter-
minant of antibiotic prescribing in patients with an asthma exacerbation:
a qualitative study. 2020; 59: 352-61. https://doi.org/10.1080/02770903.
2020.1847929

29 Silverman M, Povitz M, Sontrop JM et al. Antibiotic prescribing for non-
bacterial acute upper respiratory infections in elderly persons. Ann Intern
Med 2017; 166: 765-74. https://doi.org/10.7326/M16-1131

30 Cadieux G, Tamblyn R, Dauphinee D et al. Predictors of inappropriate
antibiotic prescribing among primary care physicians. CMAJ 2007; 177:
877-83. https://doi.org/10.1503/cmaj.070151

31 Lee TH, Wong JGX, Lye DCB et al. Medical and psychosocial factors as-
sociated with antibiotic prescribing in primary care: survey questionnaire
and factor analysis. Br J Gen Pract 2017; 67: e168-77. https://doi.org/10.
3399/BJGP17X688885

32 Frost HM, Becker LF, Knepper BC et al. Antibiotic prescribing patterns
for acute otitis media for children 2 years and older. J Pediatr 2020;
220: 109-115.el. https://doi.org/10.1016/J.JPEDS.2020.01.045

33 Treweek S, Bonetti D, MacLennan G et al. Paper-based and web-based
intervention modeling experiments identified the same predictors of gen-
eral practitioners’ antibiotic-prescribing behavior. J Clin Epidemiol 2014;
67: 296-304. https://doi.org/10.1016/J.JCLINEPI.2013.09.015

34 Fleming A, Bradley C, Cullinan S et al. Antibiotic prescribing in
long-term care facilities: a qualitative, multidisciplinary investigation.
BMJ Open 2014; 4: e006442. https://doi.org/10.1136/BMJOPEN-2014-
006442

35 Lim CJ, Kwong MW-L, Stuart RL et al. Antibiotic prescribing practice in
residential aged care facilities—health care providers’ perspectives. Med J
Aust 2014; 201: 101-5. https://doi.org/10.5694/1.1326-5377.2014.
TB04232.X

36 Saliba-Gustafsson EA, Dunberger Hampton A, Zarb P et al. Factors as-
sociated with antibiotic prescribing in patients with acute respiratory tract
complaints in Malta: a 1-year repeated cross-sectional surveillance study.
BMJ Open 2019; 9: e032704. https://doi.org/10.1136/BMJOPEN-2019-
032704

37 Zhang Z, Zhan X, Zhou H et al. Antibiotic prescribing of village doctors
for children under 15 years with upper respiratory tract infections in rural
China: a qualitative study. Medicine (Baltimore) 2016; 95: e3803. https:/
doi.org/10.1097/MD.0000000000003803

38 Aspinall SL, Good CB, Metlay JP et al. Antibiotic prescribing for pre-
sumed nonbacterial acute respiratory tract infections. Am J Emerg Med
2009; 27: 544-51. https://doi.org/10.1016/J.AJEM.2008.04.015

39 Trinh NTH, CohenR, Lemaitre M et al. Community antibiotic prescribing
for children in France from 2015 to 2017: a cross-sectional national study.
J Antimicrob Chemother 2020; 75: 2344-52. https://doi.org/10.1093/jac/
dkaal62

40 McKay R, Patrick D, McGrail K et al. Antibiotic prescribing for pediatric
respiratory infections: what explains a large variation among physicians?
Can Fam Physician 2019; 65: e278-91. https://doi.org/10.1186/s12889-
017-4905-4

41 Barrera SC, Cancino R, Barreto T. The impact of continuity of care on
antibiotic prescribing in acute otitis media. Int J Pediatr Otorhinolaryngol
2019; 126: 109616. https://doi.org/10.1016/J.1JPORL.2019.109616

42 Kourlaba G, Gkrania-Klotsas E, Kourkouni E et al. Antibiotic prescribing
and expenditures in outpatient adults in Greece, 2010 to 2013: evidence
from real-world practice. Euro Surveill 2016; 21: 30266. https://doi.org/10.
2807/1560-7917.ES.2016.21.26.30266

43 Wang D, Liu C, Zhang X et al. Does diagnostic uncertainty increase
antibiotic prescribing in primary care? NPJ Prim Care Respir Med 2021;
31: 17. https://doi.org/10.1038/s41533-021-00229-9

44 Nyquist AC, Gonzales R, Steiner JF et al. Antibiotic prescribing for chil-
dren with colds, upper respiratory tract infections, and bronchitis. JAMA
1998; 279: 875-7. https://doi.org/10.1001/JAMA.279.11.875

45 Bharathiraja R, Sridharan S, Chelliah LR et al. Factors affecting anti-
biotic prescribing pattern in pediatric practice. Indian J Pediatr 2005; 72:
877-9. https://doi.org/10.1007/BF02731121

46 Saliba-Gustafsson EA, Nyberg A, Borg MA et al. Barriers and facilitators
to prudent antibiotic prescribing for acute respiratory tract infections: a
qualitative study with general practitioners in Malta. PLoS One 2021; 16:
e0246782. https://doi.org/10.1371/JOURNAL.PONE.0246782

47 Steinman MA, Landefeld CS, Gonzales R. Predictors of broad-spectrum
antibiotic prescribing for acute respiratory tract infections in adult primary
care. JAMA 2003; 289: 719-25. https:/doi.org/10.1001/JAMA.289.6.719

48 Brookes-Howell L, Hood K, Cooper L et al. Understanding variation in
primary medical care: a nine-country qualitative study of clinicians’ ac-
counts of the non-clinical factors that shape antibiotic prescribing deci-
sions for lower respiratory tract infection. BMJ Open 2012; 2: e000796.
https://doi.org/10.1136/BMJOPEN-2011-000796

49 Ray MJ, Tallman GB, Bearden DT et al. Antibiotic prescribing without
documented indication in ambulatory care clinics: national cross section-
al study. BMJ 2019; 367: 16461. https://doi.org/10.1136/BMJ.L6461

50 Safaeian L, Mahdanian AR, Salami S et al. Seasonality and physician-
related factors associated with antibiotic prescribing: a cross-sectional
study in Isfahan, Iran. Int J Prev Med 2015; 6: 1. https:/doi.org/10.4103/
2008-7802.151431

51 Foster CB, Martinez KA, Sabella C et al. Patient satisfaction and anti-
biotic prescribing for respiratory infections by telemedicine. Pediatrics
2019; 144: €20190844. https://doi.org/10.1542/PEDS.2019-0844/38439
52 KimuraY, Fukuda H, Hayakawa K et al. Longitudinal trends of and fac-
tors associated with inappropriate antibiotic prescribing for non-bacterial
acute respiratory tract infection in Japan: A retrospective claims database
study, 2012-2017. PLoS One 2019; 14: e0223835. https://doi.org/10.
1371/JOURNAL.PONE.0223835

53 Huang Z, Weng Y, Ang H et al. Determinants of antibiotic over-
prescribing for upper respiratory tract infections in an emergency depart-
ment with good primary care access: a quantitative analysis. J Hosp Infect
2021; 113: 71-6. https://doi.org/10.1016/J.JHIN.2021.04.016

54 Hicks LA, Bartoces MG, Roberts RM et al. US outpatient antibiotic pre-
scribing variation according to geography, patient population, and pro-
vider specialty in 2011. Clin Infect Dis 2015; 60: 1308-16. https:/doi.
0rg/10.1093/CID/CIV076

55 WangD, Liu C, Zhang X et al. Identifying antibiotic prescribing patterns
through multi-level latent profile analyses: a cross-sectional survey of pri-
mary care physicians. Front Pharmacol 2020; 11: 1694. https://doi.org/10.
3389/FPHAR.2020.591709/BIBTEX

56 Martinez-Gonzalez NA, Di Gangi S, Pichierri G et al. Time trends and
factors associated with antibiotic prescribing in Swiss primary care

8 of 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod


https://doi.org/10.1093/jacamr/dlaa107
https://doi.org/10.1016/j.cmi.2018.12.010
https://doi.org/10.1016/j.cmi.2018.12.010
https://doi.org/10.1016/J.IJANTIMICAG.2012.09.003
https://doi.org/10.1016/J.IJANTIMICAG.2012.09.003
https://doi.org/10.7326/M18-0850
https://doi.org/10.1016/J.JPEDS.2004.09.020
https://doi.org/10.1080/02770903.2020.1847929
https://doi.org/10.1080/02770903.2020.1847929
https://doi.org/10.7326/M16-1131
https://doi.org/10.1503/cmaj.070151
https://doi.org/10.3399/BJGP17X688885
https://doi.org/10.3399/BJGP17X688885
https://doi.org/10.1016/J.JPEDS.2020.01.045
https://doi.org/10.1016/J.JCLINEPI.2013.09.015
https://doi.org/10.1136/BMJOPEN-2014-006442
https://doi.org/10.1136/BMJOPEN-2014-006442
https://doi.org/10.5694/J.1326-5377.2014.TB04232.X
https://doi.org/10.5694/J.1326-5377.2014.TB04232.X
https://doi.org/10.1136/BMJOPEN-2019-032704
https://doi.org/10.1136/BMJOPEN-2019-032704
https://doi.org/10.1097/MD.0000000000003803
https://doi.org/10.1097/MD.0000000000003803
https://doi.org/10.1016/J.AJEM.2008.04.015
https://doi.org/10.1093/jac/dkaa162
https://doi.org/10.1093/jac/dkaa162
https://doi.org/10.1186/s12889-017-4905-4
https://doi.org/10.1186/s12889-017-4905-4
https://doi.org/10.1016/J.IJPORL.2019.109616
https://doi.org/10.2807/1560-7917.ES.2016.21.26.30266
https://doi.org/10.2807/1560-7917.ES.2016.21.26.30266
https://doi.org/10.1038/s41533-021-00229-9
https://doi.org/10.1001/JAMA.279.11.875
https://doi.org/10.1007/BF02731121
https://doi.org/10.1371/JOURNAL.PONE.0246782
https://doi.org/10.1001/JAMA.289.6.719
https://doi.org/10.1136/BMJOPEN-2011-000796
https://doi.org/10.1136/BMJ.L6461
https://doi.org/10.4103/2008-7802.151431
https://doi.org/10.4103/2008-7802.151431
https://doi.org/10.1542/PEDS.2019-0844/38439
https://doi.org/10.1371/JOURNAL.PONE.0223835
https://doi.org/10.1371/JOURNAL.PONE.0223835
https://doi.org/10.1016/J.JHIN.2021.04.016
https://doi.org/10.1093/CID/CIV076
https://doi.org/10.1093/CID/CIV076
https://doi.org/10.3389/FPHAR.2020.591709/BIBTEX
https://doi.org/10.3389/FPHAR.2020.591709/BIBTEX

Systematic review

JAR

(2008 to 2020). Antibiot 2020; 9: 837. https://doi.org/10.3390/
ANTIBIOTICS9110837

57 Schwartz KL, Brown KA, Etches J et al. Predictors and variability of
antibiotic  prescribing amongst family physicians. J Antimicrob
Chemother 2019; 74: 2098-105. https://doi.org/10.1093/JAC/DKZ112

58 Kianmehr H, SabounchiN, SabounchiS et al. A system dynamics mod-
el of infection risk, expectations, and perceptions on antibiotic prescribing
in the United States. J Eval Clin Pract 2020; 26: 1054-64. https://doi.org/
10.1111/JEP.13203

59 Chan YY, Bin Ibrahim MA, Wong CM et al. Determinants of antibiotic
prescribing for upper respiratory tract infections in an emergency depart-
ment with good primary care access: a qualitative analysis. Epidemiol
Infect 2019; 147: e111. https://doi.org/10.1017/5S095026881800331X

60 Dallas A, Magin P, Morgan S et al. Antibiotic prescribing for respiratory
infections: a cross-sectional analysis of the ReCENT study exploring the
habits of early-career doctors in primary care. Fam Pract 2015; 32:
49-55. https:/doi.org/10.1093/FAMPRA/CMU069

61 Maddali N, Cantin A, Koshy S et al. Antibiotic prescribing patterns for
adult urinary tract infections within emergency department and urgent
care settings. Am J Emerg Med 2021; 45: 464-71. https://doi.org/10.
1016/J.AJEM.2020.09.061

62 Morley VJ, Firgens EPC, Vanderbilt RR et al. Factors associated with
antibiotic prescribing for acute bronchitis at a university health center.
BMC Infect Dis 2020; 20: 177. https://doi.org/10.1186/S12879-020-
4825-2

63 Jewell MJ, Leyenaar JA, Shieh MS et al. Unnecessary antibiotic pre-
scribing in children hospitalised for asthma exacerbation: a retrospective
national cohort study. BMJ Qual Saf 2021; 30: 292-9. https:/doi.org/10.
1136/BMJQS-2019-010792

64 Nowakowska M, Van Staa T, Mélter A et al. Antibiotic choice in UK gen-
eral practice: rates and drivers of potentially inappropriate antibiotic pre-
scribing. J Antimicrob Chemother 2019; 74: 3371-8. https://doi.org/10.
1093/JAC/DKZ345

65 Stone S, Gonzales R, Maselli J et al. Antibiotic prescribing for patients
with colds, upper respiratory tract infections, and bronchitis: a national
study of hospital-based emergency departments. Ann Emerg Med 2000;
36: 320-7. https://doi.org/10.1067/MEM.2000.109341

66 Palin V, Molter A, Belmonte M et al. Antibiotic prescribing for common
infections in UK general practice: variability and drivers. J Antimicrob
Chemother 2019; 74: 2440-50. https://doi.org/10.1093/JAC/DKZ163

67 Murphy M, Byrne S, Bradley CP. Influence of patient payment on anti-
biotic prescribing in Irish general practice: a cohort study. Br J Gen Pract
2011; 61: e549-55. https://doi.org/10.3399/BJGP11X593820

68 Shaver AL, Jacobs DM, Lamonte MJ et al. Antibiotic prescribing
for acute respiratory tract infections in the United States outpatient set-
ting. BMC Fam Pract 2019; 20: 91. https://doi.org/10.1186/S12875-019-
0980-1

69 Coco AS, Horst MA, Gambler AS. Trends in broad-spectrum antibiotic
prescribing for children with acute otitis media in the United States,
1998-2004. BMC Pediatr 2009; 9: 41. https://doi.org/10.1186/1471-
2431-9-41

70 Borek AJ, Anthierens S, Allison R et al. Social and contextual influences
on antibiotic prescribing and antimicrobial stewardship: a qualitative
study with clinical commissioning group and general practice profes-
sionals. Antibiot 2020; 9: 859. https://doi.org/10.3390/ANTIBIOTICS912
0859

71 Mélter A, Belmonte M, Palin V et al. Antibiotic prescribing patterns in
general medical practices in England: does area matter? Health Place
2018; 53: 10-6. https:/doi.org/10.1016/J. HEALTHPLACE.2018.07.004

72 Kumar R, Indira K, Rizvi A et al. Antibiotic prescribing practices in pri-
mary and secondary health care facilities in Uttar Pradesh, India. J Clin

Pharm Ther 2008; 33: 625-34. https://doi.org/10.1111/J.1365-2710.
2008.00960.X

73 Handy LK, Bryan M, Gerber JS et al. Variability in antibiotic prescribing
for community-acquired pneumonia. Pediatrics 2017; 139. https:/doi.
0rg/10.1542/PEDS.2016-2331/38328

74 Nepal A, Hendrie D, Robinson S et al. Analysis of patterns of antibiotic
prescribing in public health facilities in Nepal. J Infect Dev Ctries 2020; 14:
18-27. https://doi.org/10.3855/jidc.11817

75 Lipshaw MJ, Florin TA, Krueger S et al. Factors associated with anti-
biotic prescribing and outcomes for pediatric pneumonia in the emer-
gency department. Pediatr Emerg Care 2021; 37: E1033-8. https:/doi.
0rg/10.1097/PEC.0000000000001892

76 Manne M, Deshpande A, Hu B et al. Provider variation in antibiotic pre-
scribing and outcomes of respiratory tract infections. South Med J 2018;
111: 235. https://doi.org/10.14423/SMJ.0000000000000795

77 Yates TD, Davis ME, Taylor YJ et al. Not a magic pill: a qualitative ex-
ploration of provider perspectives on antibiotic prescribing in the out-
patient setting. BMC Fam Pract 2018; 19: 96. https://doi.org/10.1186/
$12875-018-0788-4/TABLES/2

78 Rodrigues AT, Ferreira M, Pifleiro-Lamas M et al. Determinants of phys-
ician antibiotic prescribing behavior: a 3 year cohort study in Portugal. Curr
Med Res Opin 2016; 32: 949-57. https://doi.org/10.1185/03007995.2016.
1154520

79 Bashir A, Gray J, Bashir S et al. Critical points in the pathway of anti-
biotic prescribing in a children’s hospital: the antibiotic mapping of pre-
scribing (ABMAP) study. J Hosp Infect 2019; 101: 461-6. https://doi.org/
10.1016/J.JHIN.2018.07.038

80 Van Buul LW, Van Der Steen JT, Doncker SM et al. Factors influencing
antibiotic prescribing in long-term care facilities: a qualitative in-depth
study. BMC Geriatr 2014; 14: 136. https://doi.org/10.1186/1471-2318-
14-136

81 Kotwani A, Wattal C, Katewa S et al. Factors influencing primary care
physicians to prescribe antibiotics in Delhi India. Fam Pract 2010; 27:
684-90. https://doi.org/10.1093/FAMPRA/CMQ059

82 OmC, Daily F, Vlieghe E et al. “If it’s a broad spectrum, it can shoot bet-
ter”: inappropriate antibiotic prescribing in Cambodia. Antimicrob Resist
Infect Control 2016; 5: 58. https:/doi.org/10.1186/513756-016-0159-7

83 Wong CKM, Liu Z, Butler CC et al. Help-seeking and antibiotic prescrib-
ing for acute cough in a Chinese primary care population: a prospective
multicentre observational study. NPJ Prim Care Respir Med 2016; 26:
15080. https://doi.org/10.1038/npjpcrm.2015.80

84 LiuC, LiuC, WangD et al. Attitudes and intentions to prescribe antibio-
tics: a structural equation modeling study of primary care institutions in
Hubei, China. Int J Environ Res Public Health 2019; 16: 2385. https:/doi.
0rg/10.3390/ijerph16132385

85 Linder JA, Singer DE. Desire for antibiotics and antibiotic prescribing

for adults with upper respiratory tract infections. J Gen Intern Med
2003; 18: 795-801. https://doi.org/10.1046/J.1525-1497.2003.21101.X

86 Strandberg EL, Brorsson A, Hagstam C et al. “I'm Dr Jekyll and Mr
Hyde”: are GPs’ antibiotic prescribing patterns contextually dependent?
A qualitative focus group study. Scand J Prim Health Care 2013; 31:
158-65. https://doi.org/10.3109/02813432.2013.824156

87 Van Der Zande MM, Dembinsky M, Aresi G et al. General practitioners’
accounts of negotiating antibiotic prescribing decisions with patients: a
qualitative study on what influences antibiotic prescribing in low, medium
and high prescribing practices. BMC Fam Pract 2019; 20: 172. https:/doi.
0rg/10.1186/512875-019-1065-X

88 Ong S, Nakase J, Moran GJ et al. Antibiotic use for emergency depart-
ment patients with upper respiratory infections: prescribing practices, pa-
tient expectations, and patient satisfaction. Ann Emerg Med 2007; 50:
213-20. https://doi.org/10.1016/J. ANNEMERGMED.2007.03.026

90of 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod


https://doi.org/10.3390/ANTIBIOTICS9110837
https://doi.org/10.3390/ANTIBIOTICS9110837
https://doi.org/10.1093/JAC/DKZ112
https://doi.org/10.1111/JEP.13203
https://doi.org/10.1111/JEP.13203
https://doi.org/10.1017/S095026881800331X
https://doi.org/10.1093/FAMPRA/CMU069
https://doi.org/10.1016/J.AJEM.2020.09.061
https://doi.org/10.1016/J.AJEM.2020.09.061
https://doi.org/10.1186/S12879-020-4825-2
https://doi.org/10.1186/S12879-020-4825-2
https://doi.org/10.1136/BMJQS-2019-010792
https://doi.org/10.1136/BMJQS-2019-010792
https://doi.org/10.1093/JAC/DKZ345
https://doi.org/10.1093/JAC/DKZ345
https://doi.org/10.1067/MEM.2000.109341
https://doi.org/10.1093/JAC/DKZ163
https://doi.org/10.3399/BJGP11X593820
https://doi.org/10.1186/S12875-019-0980-1
https://doi.org/10.1186/S12875-019-0980-1
https://doi.org/10.1186/1471-2431-9-41
https://doi.org/10.1186/1471-2431-9-41
https://doi.org/10.3390/ANTIBIOTICS9120859
https://doi.org/10.3390/ANTIBIOTICS9120859
https://doi.org/10.1016/J.HEALTHPLACE.2018.07.004
https://doi.org/10.1111/J.1365-2710.2008.00960.X
https://doi.org/10.1111/J.1365-2710.2008.00960.X
https://doi.org/10.1542/PEDS.2016-2331/38328
https://doi.org/10.1542/PEDS.2016-2331/38328
https://doi.org/10.3855/jidc.11817
https://doi.org/10.1097/PEC.0000000000001892
https://doi.org/10.1097/PEC.0000000000001892
https://doi.org/10.14423/SMJ.0000000000000795
https://doi.org/10.1186/S12875-018-0788-4/TABLES/2
https://doi.org/10.1186/S12875-018-0788-4/TABLES/2
https://doi.org/10.1185/03007995.2016.1154520
https://doi.org/10.1185/03007995.2016.1154520
https://doi.org/10.1016/J.JHIN.2018.07.038
https://doi.org/10.1016/J.JHIN.2018.07.038
https://doi.org/10.1186/1471-2318-14-136
https://doi.org/10.1186/1471-2318-14-136
https://doi.org/10.1093/FAMPRA/CMQ059
https://doi.org/10.1186/S13756-016-0159-7
https://doi.org/10.1038/npjpcrm.2015.80
https://doi.org/10.3390/ijerph16132385
https://doi.org/10.3390/ijerph16132385
https://doi.org/10.1046/J.1525-1497.2003.21101.X
https://doi.org/10.3109/02813432.2013.824156
https://doi.org/10.1186/S12875-019-1065-X
https://doi.org/10.1186/S12875-019-1065-X
https://doi.org/10.1016/J.ANNEMERGMED.2007.03.026

Systematic review

89 Lum EPM, Page K, Whitty JA et al. Antibiotic prescribing in primary
healthcare: dominant factors and trade-offs in decision-making. Infect
Dis Heal 2018; 23: 74-86. https://doi.org/10.1016/J.IDH.2017.12.002

90 Yin J, Dyar OJ, Yang P et al. Pattern of antibiotic prescribing and factors
associated with it in eight village clinics in rural Shandong province, China:
a descriptive study. Trans R Soc Trop Med Hyg 2019; 113: 714-21. https://
doi.org/10.1093/TRSTMH/TRZ058

91 Senok A, Ismaeel A, Al-Qashar F et al. Pattern of upper respiratory
tract infections and physicians’ antibiotic prescribing practices in
Bahrain. Med Princ Pract 2009; 18: 170-4. https:/doi.org/10.1159/
000204345

92 Strumito J, Chlabicz S, Pytel-Krolczuk B et al. Combined assessment of
clinical and patient factors on doctors’ decisions to prescribe antibiotics.
BMC Fam Pract 2016; 17: 63. https://doi.org/10.1186/512875-016-0463-6

93 Wang NC, Liu Y. Going shopping or consulting in medical visits: care-
givers’ roles in pediatric antibiotic prescribing in China. Soc Sci Med
2021; 290: 114075. https://doi.org/10.1016/J.SOCSCIMED.2021.114075

94 LiuC, Liu C, Wang D et al. Determinants of antibiotic prescribing beha-
viors of primary care physicians in Hubei of China: a structural equation
model based on the theory of planned behavior. Antimicrob Resist
Infect Control 2019; 8: 23. https://doi.org/10.1186/S13756-019-0478-6

95 Mazzaglia G, Caputi AP, Rossi A et al. Exploring patient- and doctor-
related variables associated with antibiotic prescribing for respiratory in-
fections in primary care. Eur J Clin Pharmacol 2003; 59: 651-7. https:/doi.
0rg/10.1007/S00228-003-0669-0

96 Thomson K, Berry R, Robinson T et al. An examination of trends in anti-
biotic prescribing in primary care and the association with area-level de-
privation in England. BMC Public Health 2020; 20: 1148. https:/doi.org/10.
1186/512889-020-09227-X

97 Wilson RP, Hatcher J, Barton S et al. The association of some practice
characteristics with antibiotic prescribing. https:/doi.org/10.1002/(SICI)
1099-1557(199901/02)8:1<15::AID-PDS386>3.0.C0O;2-1

98 Cucinotta G, Mazzaglia G, Toscano MA et al. Exploring the variability in
antibiotic prescribing profiles among paediatricians from two different
areas of Italy. Pharmacol Res 2002; 45: 369-74. https:/doi.org/10.1006/
PHRS.2001.0919

99 Klein EY, Makowsky M, Orlando M et al. Influence of provider and ur-
gent care density across different socioeconomic strata on outpatient
antibiotic prescribing in the USA. J Antimicrob Chemother 2015; 70:
1580-7. https://doi.org/10.1093/JAC/DKU563

100 Steinke DT, Bain DJG, MacDonald TM et al. Practice factors that influ-
ence antibiotic prescribing in general practice in Tayside. J Antimicrob
Chemother 2000; 46: 509-12. https:/doi.org/10.1093/JAC/46.3.509

101 Gerber JS, Prasad PA, Russell Localio A et al. Variation in antibiotic
prescribing across a pediatric primary care network. J Pediatric Infect
Dis Soc 2015; 4: 297-304. https://doi.org/10.1093/JPIDS/PIU086

102 Kiel A, Catalano A, Clark CM et al. Antibiotic prescribing in the emer-
gency department versus primary care: implications for stewardship. J
Am Pharm Assoc 2020; 60: 789-795.e2. https://doi.org/10.1016/J.JAPH.
2020.03.016

103 Pandolfo AM, Horne R, Jani Y et al. Understanding decisions about
antibiotic prescribing in ICU: an application of the necessity concerns
framework. BMJ Qual Saf 2022; 31: 199-210. https://doi.org/10.1136/
BMJQS-2020-012479

104 Livorsi D, Comer A, Matthias MS et al. Factors influencing antibiotic-
prescribing decisions among inpatient physicians: a qualitative investiga-
tion. Infect Control Hosp Epidemiol 2015; 36: 1065-72. https://doi.org/10.
1017/1CE.2015.136

105 Horwood J, Cabral C, Hay AD et al. Primary care clinician antibiotic
prescribing decisions in consultations for children with RTIs: a qualitative

interview study. Br J Gen Pract 2016; 66: €207-13. https://doi.org/10.
3399/BJGP16X683821

106 Dallas A, Van Driel M, Van De Mortel T et al. Antibiotic prescribing for
the future: exploring the attitudes of trainees in general practice. Br J Gen
Pract 2014; 64: e561-7. https://doi.org/10.3399/BJGP14X681373

107 Klein EY, Martinez EM, May L et al. Categorical risk perception drives
variability in antibiotic prescribing in the emergency department: a mixed
methods observational study. J Gen Intern Med 2017; 32: 1083-9. https:/
doi.org/10.1007/511606-017-4099-6

108 Kumar S, Little P, Britten N. Why do general practitioners prescribe
antibiotics for sore throat? Grounded theory interview study. BMJ 2003;
326: 138. https:/doi.org/10.1136/BMJ.326.7381.138

109 Linder JA, Singer DE, Stafford RS. Association between antibiotic pre-
scribing and visit duration in adults with upper respiratory tract infections.
Clin Ther 2003; 25: 2419-30. https://doi.org/10.1016/S0149-2918(03)
80284-9

110 Lindberg BH, Gjelstad S, Foshaug M et al. Antibiotic prescribing for
acute respiratory tract infections in Norwegian primary care out-of-hours
service. Scand J Prim Health Care 2017; 35: 178-85. https://doi.org/10.
1080/02813432.2017.1333301

111 Huang N, Chou YJ, Chang HJ et al. Antibiotic prescribing by ambula-
tory care physicians for adults with nasopharyngitis, URIs, and acute
bronchitis in Taiwan: a multi-level modeling approach. Fam Pract 2005;
22: 160-7. https://doi.org/10.1093/FAMPRA/CMH734

112 LiuG, LiuC, WangD et al. Intrinsic and external determinants of anti-
biotic prescribing: a multi-level path analysis of primary care prescriptions
in Hubei, China. Antimicrob Resist Infect Control 2019; 8: 132. https:/doi.
0rg/10.1186/S13756-019-0592-5

113 Gonzales R, Steiner JF, Sande MA. Antibiotic prescribing for adults
with colds, upper respiratory tract infections, and bronchitis by ambula-
tory care physicians. JAMA 1997; 278: 901-4. https://doi.org/10.1001/
JAMA.1997.03550110039033

114 Ogunleye OO, Fadare JO, Yinka-Ogunleye AF et al. Determinants of
antibiotic prescribing among doctors in a Nigerian urban tertiary hospital.
Hosp Pract 2018; 47: 53-8. https:/doi.org/10.1080/21548331.2018.
1475997

115 Kuehlein T, Szecsenyi J, Gutscher A et al. Antibiotic prescribing in
general practice-the rhythm of the week: a cross-sectional study. J
Antimicrob Chemother 2010; 65: 2666-8. https://doi.org/10.1093/JAC/
DKQ364

116 Ji L, Yoshida S, Kawakami K. Trends and patterns in antibiotic pre-
scribing for adult outpatients with acute upper respiratory tract infection
in Japan, 2008-2018. J Infect Chemother 2021; 27: 1584-90. https://doi.
0rg/10.1016/J.JIAC.2021.07.001

117 Shah AK, Shafir E, Mullainathan S. Scarcity frames value. Psychol Sci
2015; 26: 402-12. https://doi.org/10.1177/0956797614563958

118 Shah AK, Mullainathan S, Shafir E. Some consequences of having
too little. Science 2012; 338: 682-5. https:/doi.org/10.1126/science.
1222426

119 Mani A, Mullainathan S, Shafir E et al. Poverty impedes cognitive
function. Science 2013; 341: 976-80. https:/doi.org/10.1126/science.
1238041

120 Mullainathan S, Shafir E. Scarcity: Why Having Too Little Means so
Much. Times Books/Henry Holt and Co., 2013.

121 Spranca M, Minsk E, Baron J. Omission and commission in judgment
and choice. J Exp Soc Psychol 1991; 27: 76-105. https://doi.org/10.1016/
0022-1031(91)90011-T

122 Baumeister RF, Leary MR. The need to belong: desire for interperson-
al attachments as a fundamental human motivation. Psychol Bull 1995;
117: 497-529. https://doi.org/10.1037/0033-2909.117.3.497

10 of 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod


https://doi.org/10.1016/J.IDH.2017.12.002
https://doi.org/10.1093/TRSTMH/TRZ058
https://doi.org/10.1093/TRSTMH/TRZ058
https://doi.org/10.1159/000204345
https://doi.org/10.1159/000204345
https://doi.org/10.1186/S12875-016-0463-6
https://doi.org/10.1016/J.SOCSCIMED.2021.114075
https://doi.org/10.1186/S13756-019-0478-6
https://doi.org/10.1007/S00228-003-0669-0
https://doi.org/10.1007/S00228-003-0669-0
https://doi.org/10.1186/S12889-020-09227-X
https://doi.org/10.1186/S12889-020-09227-X
https://doi.org/10.1002/(SICI)1099-1557(199901/02)8:1&lt;15::AID-PDS386&gt;3.0.CO;2-1
https://doi.org/10.1002/(SICI)1099-1557(199901/02)8:1&lt;15::AID-PDS386&gt;3.0.CO;2-1
https://doi.org/10.1006/PHRS.2001.0919
https://doi.org/10.1006/PHRS.2001.0919
https://doi.org/10.1093/JAC/DKU563
https://doi.org/10.1093/JAC/46.3.509
https://doi.org/10.1093/JPIDS/PIU086
https://doi.org/10.1016/J.JAPH.2020.03.016
https://doi.org/10.1016/J.JAPH.2020.03.016
https://doi.org/10.1136/BMJQS-2020-012479
https://doi.org/10.1136/BMJQS-2020-012479
https://doi.org/10.1017/ICE.2015.136
https://doi.org/10.1017/ICE.2015.136
https://doi.org/10.3399/BJGP16X683821
https://doi.org/10.3399/BJGP16X683821
https://doi.org/10.3399/BJGP14X681373
https://doi.org/10.1007/S11606-017-4099-6
https://doi.org/10.1007/S11606-017-4099-6
https://doi.org/10.1136/BMJ.326.7381.138
https://doi.org/10.1016/S0149-2918(03)80284-9
https://doi.org/10.1016/S0149-2918(03)80284-9
https://doi.org/10.1080/02813432.2017.1333301
https://doi.org/10.1080/02813432.2017.1333301
https://doi.org/10.1093/FAMPRA/CMH734
https://doi.org/10.1186/S13756-019-0592-5
https://doi.org/10.1186/S13756-019-0592-5
https://doi.org/10.1001/JAMA.1997.03550110039033
https://doi.org/10.1001/JAMA.1997.03550110039033
https://doi.org/10.1080/21548331.2018.1475997
https://doi.org/10.1080/21548331.2018.1475997
https://doi.org/10.1093/JAC/DKQ364
https://doi.org/10.1093/JAC/DKQ364
https://doi.org/10.1016/J.JIAC.2021.07.001
https://doi.org/10.1016/J.JIAC.2021.07.001
https://doi.org/10.1177/0956797614563958
https://doi.org/10.1126/science.1222426
https://doi.org/10.1126/science.1222426
https://doi.org/10.1126/science.1238041
https://doi.org/10.1126/science.1238041
https://doi.org/10.1016/0022-1031(91)90011-T
https://doi.org/10.1016/0022-1031(91)90011-T
https://doi.org/10.1037/0033-2909.117.3.497

Systematic review

JAR

123 Cialdini RB, Goldstein NJ. Social influence: compliance and conform-
ity. Annu Rev Psychol 2004; 55: 591-621. https://doi.org/10.1146/
annurev.psych.55.090902.142015

124 Gana W, Nkodo J-A, Fougere B. Medical decision making during the
COVID-19 epidemic: an opportunity to think how we think. Diagnosis
2021, 8: 400-1. https://doi.org/10.1515/dx-2020-0147

125 Dadgostar P. Antimicrobial resistance: implications and costs. Infect Drug
Resist 2019; 12: 3903. https:/doi.org/10.2147/IDR.S234610

126 Cunney R, Kirrane-Scott M, Rafferty A et al. ‘Start smart”: using front-
line ownership to improve the quality of empiric antibiotic prescribingin a
paediatric hospital. BMJ Open Qual 2019; 8: e000445. https:/doi.org/10.
1136/BMJOQ-2018-000445

127 Munn Z, Peters MDJ, Stern C et al. Systematic review or scoping re-
view? Guidance for authors when choosing between a systematic or
scoping review approach. BMC Med Res Methodol 2018; 18: 143. https://
doi.org/10.1186/S12874-018-0611-X

128 Stiegler MP, Tung A. Cognitive processes in anesthesiology decision
making. Anesthesiology 2014; 120: 204-17. https://doi.org/10.1097/
ALN.0000000000000073

129 Saposnik G, Redelmeier D, Ruff CC et al. Cognitive biases associated
with medical decisions: a systematic review. BMC Med Inform Decis Mak
2016; 16: 138. https://doi.org/10.1186/S12911-016-0377-1

130 OECD. Behavioural Insights and Public Policy. 2017. https:/doi.org/
10.1787/9789264270480-EN

11 of 11

€20z AeN 80 uo Jasn Arelqi 19S3 Aq 88595 | 2/€¥0PEIP/E/S/E 101 /IWEeDEl/Wod dno dlwapese//:sdjy Woly papeojumod


https://doi.org/10.1146/annurev.psych.55.090902.142015
https://doi.org/10.1146/annurev.psych.55.090902.142015
https://doi.org/10.1515/dx-2020-0147
https://doi.org/10.2147/IDR.S234610
https://doi.org/10.1136/BMJOQ-2018-000445
https://doi.org/10.1136/BMJOQ-2018-000445
https://doi.org/10.1186/S12874-018-0611-X
https://doi.org/10.1186/S12874-018-0611-X
https://doi.org/10.1097/ALN.0000000000000073
https://doi.org/10.1097/ALN.0000000000000073
https://doi.org/10.1186/S12911-016-0377-1
https://doi.org/10.1787/9789264270480-EN
https://doi.org/10.1787/9789264270480-EN

	A scoping review and behavioural analysis of factors underlying

overuse of antimicrobials
	Introduction
	Methods
	Inclusion criteria
	Exclusion criteria
	The search
	Analytical approach

	Results
	Source characteristics
	Factors in antimicrobial prescription decisions

	Behavioural analysis of the factors underlying prescription decisions
	Nature of the decision
	Lack of time and heavy workload
	Uncertainty, risks and benefits of prescribing

	Social influences
	Individual differences
	Characteristics of the patient
	Context
	Stable contextual characteristics
	Transient contextual characteristics


	Discussion
	Funding
	Transparency declarations
	References




